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PARTL

HEAT DISSIPATION AND OTHER PROPERTIES OF RADIATORS.
By H. C. DIOKINSON, W. S. JAMES, and R. V. KWNSCHZQDT.

INTRODUCTION.

The present report is the fourth of a series of reports on airplane radiatom, incorporating
the results of experimmtal work at the Bureau of Standards under the joint auspices of that
Bureau, the Aviation Departments of the Army, and the National Advisory Committee for
Aeronautics. The flret three are the following:

Technical Report No. 43, Synopsis of Aeronautic Radiator tive&igations for the years
1917–1918;

Technicil Report No. 59, General Analysis of the Airplane Radiator Problem; and
Technical Report No. 60, General Discussion of Test Methods for Radiators.
These reports contain a discussion of the technical terms used and briefly defied in the

present report, and a discussion of the methods used in obtaining the data on which the present
report is based. ,

PURPOSE.

The purpose of this report is to present the results of tests on 56 types of core in a form
convenient for use in the study of the performance of and possible improvements in existing
d=igns. ‘iTorking rules are given by which the data contained in the report may be used,
and the most obvious conclusions as to the behavior of cores are summarized. “

DEFINITIONSOF TERMS.

(For a complete disc&ion of the terms and their signiilcancs, see the “Analysis,” Tech-
nical Report No. 59.)

I. OHABACTERISTIOS WHIOH DESOBIMI A TYPE t)F 00RE.

These characteristic are given @ Table I, and a few of the most important are included
on each curve sheet.

Metal is designated as brass or copper without attempting to gave exact composition.
The thickness is approximate to 0.001 inch.

Dimen.siomI of cc-we.—Length is measured in the general direction of the water flow; depth,
in the general direction of air flow; and width perpendicular to these two.

Dimensions of water tuBes.-Length (ii the direction of water flow) is expressed in inchw
per foot length of core; depth is measured in the same direction as depth of core; and width
is the thickness of the stresn of water.

CooliW aurjhce is regarded as direct only when backed by flowing water. Indirect sur-
face includes &s, spacers, and surface backed by stagnant water.

Per centjhe area is the cross-sectional area of the air t@es in per cent of the frontal area.
AU characteristic are given for a section of core 1 foot square.

IT. PROPERTIES THAT DESORIBE THE PERFORMAIWE OF A 00RE.

The properties of a core are ~btained primarily for the purpose of comparing cores. It
must be remembered that the propertim of a oomplete radiator on a plane depend, not only
upon the properties of the core but on the location of the radiator on the plane. This “is
especially true of head resistance and the propertks involving it. (The method of estimating
the probable performance of a radiator from the properties of its core is given under “Use of
the data in dmigning a radiator,” below.)

6*
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lfizes jlow of air through the core is expressed in pounds per second per square foot of
frontal area. When a core is supported in a free air stream, the flow of air through it is pro-
portional to the free air speed (for ordinary types of core).

The mass $ow constant is the ratio between the mass flow through the core, and the mass
of air flowing through a square foot of area norm@. to the direction Offlow ~ the undisturbed. _______
air stream. For some purposes it “ismore conv&ent to use a “mass flow factor” which is the
factor by which free air speed in miles per hour must be multiplied to obtain mass flow.

Energy di.etipated or heat transfer is expressed in home power per square foot of frontal
area, for a difference of 1000 F. between the temperatiue of the air entering the radiator and
the mean of the temperature of the entering and leaving water.

Head rwietwue oithe core is the force required to push it through the air, and is e.xpkssed
in pounds per square foot of frontal area.

Head rmktamce comtant is the factor by which the square of the free air speed in nibs per
hour must be multiplied to obtain head resistance in pounds per square foot.

Horsepower absorbedis computed by adding to the head resistance the quotient obtained by
dividing the weight of core and ccdained water (in ppunds per square foot front) by the lifk
drift ratio of the airplane, and multiplying the swr-by the spwd of the plane and by a conver-
sion factor.

As the lift-drift ratio varies between difYerentplanes and varies even more widely between
climbing and level flight, it is very impotiant ta consider, in the selection of a core, the relative
importance of climbing speed and top speed. The value 5.4 is used throughout this report as
a good average for planes and gives equal weight to rah Of tib ~d top speed. If rate of _ ._
climb is of prime importance the value should be as low ss 3, while if spead on the level is
the most important a value as high as 10 maybe used.

Figure of tit--is” the ratio of the energy dissipated in homepower b the horsepower
absorbed.

Pressure necessary to produce water flow is of importance in determining the maximum
flow possible through a giveq type of core.

CONDITIONSUNDERWHICHTHE COREOPERATE&

As the properties of a core vary with the conditions under which it is used, it is necessary
to express the results of tests in terms of certain definite conditions adopted as standard. The
conditions adopted in this wprk are:

1. Waterjbzo must be high enough to insure turbulent flow, For most t~es of ~re this
.

means that it must be above about 2 gallons per minute+per inch of core depth per foot width
of core.

2. Temperature difference (between entering air and mean water temperature) of 100° F. ‘”
is used in computing the heat trmefer and figure of rncujt as given.

3. Air demity is taken as 0.0750 pouhds per cubic foot.
-.

All results given in this report
are reduced @ thase conditions.

Since one of the most important-conditions tiecting r~ator performance is the mass
flow of air through the core, the properties of the coreshave been expressed in terms of mass flow.

The eflects of variation from the conditions adopted ss standard are treated in detail in
separate reports, but are mentioned below in a form for use in design.

GENERALFACTSDEDUCEDFROMTHERESULTSOF EXPERIMENTS.

General statements deduced from the results of the axperi.menti, together with a few of
the most important conclusions from other reports, are as follows:

HEAT TRANSFER.

1. Heat transfer .ia a fuuc.ticm of ma.wjh.o of air, independent of density. (See Ttica~
Report No. 62.)

2. Heat transfer is roughly proportional to nmes~ for a core having only direct COOKw

mjhce. WIIen there is a Cofiderable ~out Of fidirect COOhg Surface the heat- transfer
increases less rapidly than mass flow at high air speeds.
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3. Heat transfer is proportional to the temperature di~irtmce mentioned abo~e.
4. Heat transfer is not greatly affected by the mte of water$cno provided tie rate is above

2 gallons pm minute per inch of core depth per foot width of core. It should be noted, how-
ever, that this is true only when the mean water temperature is regarded as constant. (See
below, “Use of data in the design of radiator: Rate of water flow.”)

5. Heat transfer from direct cooling surface is not appreciably affected by the “@mpoeit&m
of the mdal. ll%en fins aud other indirect cooling surface are used the thermal conductivity
of the metal is important.

6. Heat transfer is somewhat increased, but at the expense of a huge increaea in head
resistance, by spirals or other forms of passages which increass the turbulence of the air stream,
Heat transfer is greater for smooth than for rough tube walls, for,if the s~ace is rough, it will
be covered with a layer of more or leas stagnant fluid.

HEAD RESISTANCE.

1. Head resistance for any particular core varies approximately as the square of the free
air speed. h most cases the exponent is slightly lMS than Z. Radiator E-4 is au exception
to this rule. This radiator exhibits resonan~ effect which causes it to whistle in an air stream
having a velocity of more than about 30 miles per hour, and cause head resistance tune to
show irregularities in the region where whistling starts.

2. The head rwistance of a core appears to be closely related to its mass constant so that,
in general, anything which tide to cut down the flow of air through the core will cause a con-
siderable increase in head resistance. (See plot 1.)

3. Head resistance mu%s directly u the air density for a given free air speed, md inversely
as the density for a given mass flow. (See TechnicaS Report No. 62.)

4. Head resistance is considerably inmeased by projections, indentations, or holes in the air
tube walh

b. Head resistance per square foot is not appredably affected by the size oj tb c-orewithin
the Iimite used, viz, 8 by 8 inchw to 16 by 16 ti~ss ~d 12 by 24 kchea. (See Technical Report
No. 61, I%rt I.)

MASS-W OF Am.

—
-..

Mass flow of air is directly proportional to free ai~ 8ped for most types of cch’e. The

. cores E-4 and G-4 are. exceptions.

IJSE OF THE DATAIN THE DESIGNOF A

OHOIOEOB’A POSITION.\
The first step in the design of a radiator is the choice of

Possible Positiom maybe divided ~to two &SS:

RADIATOIL

a position on the airplane. The

.
I. Unobstructed-positions; i. e., those b which the flow of air through and around the

radiator is not obstructed by other portions of the plane.
~. . “-

2. Obstructed positions, such as the nose of the fuselage, a position within the fuselage, and
in the plane of the wing.

It has been shown in Technical Report ,~o. 61, and also in reports of.work done “both &
Great Britain and in France, that an obstructed position involvw a very large absorption of
power~so that from the viewpoint of power absorbed for a given heat transfer, the unobstructed
position is far preferable to the obstructed. Tests on a model htive shown that the resistance of
a fuselage fittad with a nose radiator is from two to three times the rmtitanm of the same fuselage
with a stream-line nosej and that the inmease iR resistance due to the substitution of a radiator
for the stream-line nose is greater than the kme.~ that would be caused byuaing a radiator of

.-

the sam~ core construction and the same coo~g c~patity h an unobstructed position.

SELEOTION OF A TYPE OF CORE.

k an unobstructed position the head meistance and comequentiy also the figure of merit of
the corewill be closely related to them properties of the ~ple~ IW@ti, so that in this case the
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core must have a high figure of merit at the free airspeed at which it is used. The most compact
construction consistent with this fundamental requirement is desirable. In order to obtain a
high @me of merit the core should have smooth, straight air passages, easy entrances and exits
for the air, and a large per cent free area. With these factors carefull? attended to the figure of
merit of cores increases with depth up to 20 times the diameter of the air tubes, which is as
far as experiments have been made. lIlven greater depth may be of advantage in obtaining
compactness.

By fmthe most satisfactory radiator for use in unobstructed positions seems to be one of thin
flat plates, not over & inch thick, and spaced j inch on centers. The plates shotid be at least
12 inches in depth. The chief,defect ofthis type of construction is mechanical weakness. (See
cores II-6, E-7, and 12-8.)

Of radiators now in commercial use in thh country that have been tested, Nos. A-23,
A–13, A-20, A–19, and A-7 are best suited to use in unobstructed positions, but they are
decidedly inferior to the flat plata type at high air sp’&eds.

For”use in obstructed positions the se16ction”of a core is more dil%cult, but in general high -
heat transfer at low air speeds is desirable. Indirect cooling surface may be of advantage if it
is made of copper, crimped from the water tube walls, and well soldered to them at all possible
places.

Among the cores tested, Nos. A-7, A–20, G–3,’A-2, 64, and B–8 are best suited for
obstructed positions. It shcmld be noted that for use in the wing, a high head resistance of
the core is not a disadvantage, and ~ is possible that a core such as F-4, wtich has conaidgrable
mechanical strength~d a low water resistance, iight.be used.

With this possible exception, the fin and tube type is unsuited for use in any position, its
high head resistance and small amount of direct cooling surface making its efficiency very low.

SIZE OF CQRE.

Having selected a type of core for we d@red 1oc3Lioq,the..cornputation of size required is
relatively simple. lh the Cti- of”AMdkitor for iii unobstructed position, the heat transfer can
be detemnined directly from the curves if the desired best tibing speed of the plane md the air . .._
temperature are lmown. The effect of propeller slip must be estimated and allowed for. The
energy to be dissipated should be determined if possible in any particular case, but is usually
about equal to the brake horsepower of the engine. Then the ratio of the energy to be
dissipated to the energy dissipated per square foot frontal area of core wiJl give the frontal area
required. From the weight tmd head resistance the effect of the radiator on the aerodynamical
properties of the plane can be detmnined.

In the case of a radiator plac+d in the nose of the fuselage, until better data are available,
the mass flow of. air. in pounds per second per square foot may be considered numerically as
between 0.04 and 0.07 times the speed of the plane in miles per hour, depending on the amount--of
cowling and the masking effect of the propeJler. From this the mess flow can be estimated, and
the energy dissipated per square foot frontal area is determined from the plots, using the mass
flow scale. ,

The mass flow for a wing radiator depends upon,@ anglg of incidence, but is probably not
over 0.01 times the plane speed in hf. P. l%.,even at the best climbing angle. The tubes are in thk
case presented to the air at an angle which probably increases the heat transfer considerably.

POWER ABSORBED.

Power absorbed can be computed readily ody in the case of a radiator in au unobstructed
position. The actual force on the radiator core when in an obstructed position may be com-
puted from the curves of head resistance against mass flow, but the uncertain effect on the
properties of the fuselage is of far greater importance. For obstructed radiatom, the power

absorbed w computed represents only the minimum possible absorption,



HEAT DISSD?A~ON AND OTHER PROPERTIES OF RADIATORS. 9

BATE OF WATER FLOW.

Although the energy dissipated as gken in the cnrvw is practically constant for rates of
watar flow above about 2 gallons per mi@e per foot width per inch depth of core, the allo-iv-
able mean temperame increases slightly with incre&ed water velocity, since it is the tsmpera-

. ture of the entering water that must be kept at a certain point below boiling. With a flow
of ~ gallon per minute per horsepower dissipated a temperature difference of about 20” F. 9
is obtained, or the mean water temperature in the radiator is 10° F. below the entering water
temperature. If the flow is increased to ~ gallon psi mimits the tempeia.ture dillerence will

... -

be 10° and the merm temperature may be 5° higher than before. A further incresse in water
flow could not give m~[e than 5° further increase and would probably ba at the cost of an
excessive loss of pow~r m the pump. A flow of ~ gallon per minuti per horsepower dissipated
may be regarded as desirable, while with radiators that are relatively long and narrow a decrease

--—

of flow to ~ galIon per minute per horsepower tilpated may be necessary.

PRESSURE&CESS=Y TO PRODUCEWATERPLOW.

The pressure which is available to produce the water flow is usually the diilerence between
the vapor pressure of the water leaving the radiator snd atmospheric pr=sure. As this pressure
difference may be only about 5pounds per square inch, the reaietwm of the core to water flow .
may limit the possible flow seriously unless care is taken to make the core as wide as possible.

The ,water resisixume of a core seems to depend largely on the csre used in manufacture
aud on the form of the water tube entrances and exits. ~ the light of teetsmade, it seems that
it would be well to include a test for pressure necessary to produce water flow in acceptance
spectications for complete radiatora, SEslight variations in manufacture fiect vrat= resistance
greatly. h Part II of this report =e given the results of some tests on water resistance.

* DESCRIPTIONOF TABL129MNDCURVES,

In order to indicate the degree of reliability of the results shown, actual observations are
indicated on the pl~ts by circled points, and at the end of this report is a brief statement showing
the means used in obtaining results for the cases where “observed” points-are not shown.

Table I contains the charactmistk of coma as noted above @d sketches showing the form
of air and water passages. This table includw certain special types of core on which complete
tests have not’ been made and which me accordingly not included in this report. The special
properties of such corai will be made the subjects of sepmate reports.

Table II lists the properties of the cores at mass flows of air of 2, 4, 6, and S pounds per
square foot per second, h order to allow ready comparison between them. It also includes
the heat transfer in B. t. u. per minute per square foot of frontal area of core, and in horse-
power and in B. t. u: per minute per squwe foot of cooling surfaca

Table III lists the smne properties as Table II at free air speeds of 30, 60, 90, and 120
miles per hour. In addition, it gives them- flow (at “standard” density) corresponding to
these free air speeds, and a “grade” for the radiator, grade A denoting very good performance
and grade E very poor performance, among the cores tested. This table is directly applicable
only to iadiators in unobstructed positions.

Table IV gives constants of empirical equations for heat transfer, head resistance, and
mass flow, for cores in unobstructed positions.

Plot 1 is am approximate empirical relation between the proportionality factors for head
reaistsme and mass flow.

The remaining ploti show the properties of the cores in terms of mass flow of air, with the
corresponding free air speeds (for unobstructed positions) indicated by a scale added at the
bottom of the sheet. For the core E-4,, the mass flmv is not a linear function of the free air
speed, and a separate plot shows the properties in terms of free air speed. For the core G-4,
the relation of mass flow h free air speed is linem above 15 r@leeper hour, but not below that
speed, which fad accounte for what would appear to be an error in mmking the free air speed
scale of plot 58.

146589-20--2
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NOTEON SOURCESOF DATA.

Because of the undesirability of remotiug the headm. from all specimens so that head
resistance could be measured directly, and because certain mechanically weak specimens became
damaged before complete tests had been made, a part of the data was obtained not from direct
measurement but by the methods described below.

ilfass @w of air was measured in t+mmsof free air speed on all specimens except lI&7,and in ‘
this cwe was estimated by interpolation be@wen the values for I&6 “imd~8.

H@ tramij%rwas measured in tm of maw flow .of air on all types except the. foUow@g:
F-4, estimated .by interpolation between the valuea for two similar types of the same

depth, but diflerent spacings.
M, I&7, determined by correction from preli&nary task made before the apparatus -

was put in find form,
---

F-5, estimatad from results obtained on a simik ‘type of dightly dii%mt depth.
Red wsistance was measured directly on half of the cores included in this report, and on a

rmmber of others not included, and the proportionality’ factor for head resiatrmce was plotted ‘
against that for mass flow, in the cases of about 40 types having smooth straight air passages.
The resulting points fell very near a single line, which is shown in plot 1, and this plot was used ~
to detwnine head resistance. from a taeasured mass flow factor for other types with smooth
straight air passages. Vslues thus obtained are probably good within about 6 per cent.

The cores A-19 to A–22 audG-2 could not be treated in this way because points for s~ilar
_. ~.

types did not lie on the curve of plot 1, snd in these cases the head resistance was ‘ketimated
by comparison.with other similar ty&s and with the plot.

=“ i%iiiatancs of type @Zb was determined by interpolation with respect & mass flow
,. -:

between values for G2 and G2a, __. .— ..- -- —---------- J—.
Head resisiimce of t~”es”%$, 7, &d 8 w~” detec&ined from the results of a fairly com-

._T .=

prehensive set of tests on the htiad resistsqce of flatplate radiatom of v~oua depths and spacings.

.
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REPORT No. 63.
PARTIL

WATER FLOW THROUGH RADIATOR CORES.l
By W. S.JMIES.

PURPOSEOF TESTS.

The teds -weremade to determine the pressure necessary to produce water flows up to 50’
gallons per minuti through an 8-inch square section of radiator core.

RADIATORCOIWSTESTED.

The radiator corm tested were made up by the manufacturers in approximately 8-inoh
square sections and fitted with rectangular water boxes, as shown in figures 1 to 12. The makea
and core depths of the sections t@ed were as follows: .——

(1)
(2)
(3)
(4).
(5)
(6)
(7)
(8)
(9)

(10)

(11)
(12)

Aj=”Auto and Aero Sheet Metal b., ~-inch square tubes, 4 inches deep.
G. & O; Manufacturing Co., ~-inch rhombio tubes, 3% inches deep.
The I%rrison Radiator Corporation, ++-inch hexagonal tubes, 4 inohea deep.
The Livingston Radiator & kfanufacturing C!o.,~-inch square tubes, 4 inches deep.
The Livingston Radiator &Manufacturing Co., ~inch square tubes, 4 inches deep.
The Rome-Turney Radiator Ca., ~-inch square tubes, 3% inches deep.
The ?tfcCord ?Uanufactur@ Co., &inch elliptical tubes, 3% inches deep.
The Jfc@rd bkmrfacturing (%., fln and tube, 3% inches deep.
The hfodine ldanufacturing Co., (Spirex core) ++inch square tube with spirals, 3~

inches deep. “ .

The Sparks-Withington Co., %-inch elliptical tube, 3% inches deep.
The HoovenSales Corporatiori, (Spery core) ~-inch elliptical tube, 2% inches deep.
The Western llechanical TVorks, (Staggered core) ~inch staggered square tube, ..

4 inches deep. t
ME1’HODOF TEST.

The radiator sections were connected in tie discharge line of a centrifugal pump and in
sties with a venturi meter. The discharge from the radiator was connected to the inlet of
the pump. A reserve. water tank in which a constant head of’water was automatically main-
tained was connected to the suction line of tie pump w provide a water resarve and to act as a
surge tank. The centrifugal “pump was driven by a belt from a direct current shunt motor.

The rata of water flow was measured by a Venturi meter with a l-inch diameter inlet and
a ~-inch diameter throat. The Venturi pressure clifterencewas observed on a mercury gauge.
The constant of the Venturi tube and gauge was determined by careful calibration, A con-

—.

stant pressure water supply from a pressure regulating valve was used as a source of water and
the discharge was measured by ,means of a large vwigh@g tank of about 100 cubic feet capacity.

The pressure drop in the water was measured by mea~ of piezometar confections soldered “-
on tie radiator water boxes. These piezometer COnne@O~ were made by soldering square
copper tubes to the outaide of the water boxes, thm drillingfrom the outsideone millimeter

holes, spaced one inch apart, through both wa~ of the square mpper tube and the water box top.
Holes were then bored in the water box ends and a scrapkg toolinsertedin the water

box to scrape off the burr on the holes inside the water boxes. A V-shaped strip of galvanized
iron was then inserted in the water box to prohct the holes from the effects of the bprd of

..:_

the high velocity water streams imp@@g on the piezometer tube holes. The holes in the

1ThisReportwm mnadentbmy oircolmd during W W= ~BoI=n of Wd=ds Ammutio Power PlantsReportNo. a
. . .
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ends of the water boxes were then soldetid up. The pressure @fference between the two piezom- .
eta tubes was observed either on a long carbon-tetrachloride gauge or on a mercury gauge.

A general view of the set-up is given in figure 13, The pump is shown discharging through __ . . ____
a control plug<ock, the Venturi meter tube “~d the radiator. The pressure drop and Venturi
gauges can also be seen.

METHODOF TAKINGOBS~VATIONS.

In taking the observations the -water level in the surge tank was adjusted to a constant
height, then the pump was started and the air removed. fro-the system by means of tho air
relief connections at the high points in the pressure co~ctions. The rate of water flow.vras
then adjusted to the desired value by means of the plug cock at the discharge of the pump.
A small electric desk fan placed so as to force air through the radiator and thue keep the water

.cool was started Wd when the flow had reached a steady state six sets of read@e were taken~
three sets .by each observer, The readings taken were (1) the reading of the Vcmturi meter
gauge, (2) the reatig of the pressure drop gauge, and<~ .Wg temperature of the water iu the
system. When these observations were complete the rate of flow was adjusted to the next
higher value and the readings repeated.

“ Tableof water tube charaetzriatica.

Redistor. Ares of eaoh ~y:$r
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MET130DOF WORKINGlIERESULTS.

The dues of the rates of flowwere,computed in gallons per minute for each of the Venturi
gauge readings at each rate of flow and the mean ;f ..thes~ six readings taken as the mean
rata of flow. The valuea of the pressure drop in the water were then computed from the six
pressure drop gauge readings and the mean of these sk. readings was taken as the pressure
drop corresponding to the measured rate of flow.

In this manner five points were obtained on the ratmf ~ow-prwe drop curve for each
radiator. The logarithms of the rates of flow were then plotted against the logarithms of -tie
pressure drops and the obseryed points were found to lie on a straight line. Then as it was found
that-it was impossible to obtain greatm flows thag 25 gallo~ per minute with the set-up without
bulging the water boxes of the radiat6rs, the straight lines on the logarithmic plots were con-
tinued on to 50 gallons per minute. The anti-logarithmeof the pressure drops were then found
for pointa on the logarithmic curvw corr&pon&ng to 30, 35, ~, 45, 50 and 55 gallons per minute.
P1ots 14 to 25 were then made by tiing the gbsemed v@es of tie. pressure drop from O b 25
gallons per minute and the extrapola@d values of the pressure drop from 25 to 55 gallons per
minuti found as indicated.

Because of the fact that the logarithmic plots gave straight lin~ it is evident that the
observed results may be expressed by an empirical equation of the form

P=@n

Where ~ is the pressure drop in feet of water, Q is the rate of flow in galIo~ per minute. (?
and n are constants. Values of n were found from the slopes of the logarithmic lines and are
given on the plots for each radiator.

—

,

t
.—

.

—,



WATER FLOW THROUGH RADIATOR CORES. 2’7

ME1’HODDEVISEDFOB THE APPLICATIONOF THE RESULTSOF THE ACCOMPANYINGTESTSON
THE PRE9SURENECESSARYTO MMNTAiNWATERFLOWTHROUGHRADIATOl?CORES.

The following method of approximating the pressures necessary to maintain water flows
through radiator cores has been devised in order to make immediate use of the data given in
this report in estimating the order of maggtude of the pressure necessary to maintain water
flows through radiator cores of dimensions (i. e.
from thosq used in the experiments described.

, core lengths, widths and depths) differing

Extreme accuracy can not be expected of the approximation givenj the error being betweau
.10 and 20 per cent. The terms width, length and depth of the core as used @ this report are
defied as follow:

Core width is the bear dimension of the care, perpendic@ar to boti the direction of water
flow and the direction of air flow.

Core length is the linear dimgnsion of the care, parallel to the direction of water flow.,
Ckmedepth@ the linear dimension of the core, parallel to the direction of air flow.

METHODOF USINGPLOTS.

The method used is based upon the pressure ,necessary ta mainti a given rate of flow
through single water tubes 1 foot long Snd of varying depths of mre (i. e., 3 inches, 3.6 inches,
4 inches, 4.5 inches, 5 inches, and 5.5 rnches).

If all the water tubis in the radiator core carry equal amounts of water, the amount of water
carried by each tube of SRy mdiator section * be computed provided the following data are
bow: (1) The volume of water to be forced through the totsl width of core per miiiute, (2)
the total width of radiator core and (3) the number of water tubes per foot of width. The first
two factors (1) and (2) are dependent on we dwm of the mdiator in question, the latter (3} is
given on plots 26 to 37 for the cores tested.

Wha the amount of water b be carri~ by each tibe has been determined the pressure
necessary to maintain the required rati of flOWCm be read from the plots which gives the
pressures necessary to maintain VtiOUS m~ of flOWthrough a single water tube one foot in
length of the make of radiator core indicated. On these plots curves are drawn for even one-half
inch depths of core fro~ 3 to 5.5 inches. The pressure corresponding to the flow deeired may
be read from the curve for the core depth to be Wed or found by estimation between the curves
for the core depths given.

The pressure found from the plot is then multiplied by the length of the radiatur care in
the direction of watm flow. The product of the pressure necessary to maintain the desired
flow through one foot length of rfiator core mdtipbd by the core length @ give the
approximat.a value of tie pressure required ti ~iRti tie desired rate of water flow.

For example: It is desired to fmd the prwsure nec=my to maintain a water flow of 100
gallons per minute through a” SPSIT” ra~ator core 32 ~chm 10ng 16 inchee wide tmd 4 inchm
deep,

& there are 30 water tubes per foot width of COm, tlere are 40 tubes per 16 inc es of
width. }

The rate. of flow through each tube@ therefore bi ~ ==2.5 gallons per tube per minute.

From the plot, a press~e of 10.7 feet of watir per foot of tube lmgth is required to main-
tain a flow of 2.5 gallons per minute per tube.

As the tube length is 2.5 feet, a pressure of 2.5x10.7 =&7 feet of water will be required to
maintain a flow of 100 gallo~ ,of water Pm ~ut~ t~o~h- the “ Spery’J core 16 inches wide
and 32 inches long. .

M131!HODOF CONSTEUCI’INGPLOT&

—---

.-.

*

—

.- .-

The following method wcs adop~d in co~t~c~g the PIOtSof the presmm necessary to
produce given rates of water flOWtbro~h siR~ tub- 1 foot low with varying depths.

Values of the pressure nw=my to m~t~ ratss of flOWof 10, 20, 30, 40, =d 50 gallons
per miIMS through an 8-inch width of core were read from the plot for each type of ra&ator

.
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tested. These values of the Pressure necmsarv for an 8-inch core were muhidied

-. .

bv 1.5 to
reduce them to the value for “acore length of i foot._ The v~ous ratea of flo; (i. e.: 10, 20,
30, 40, and 50 gallons per minute) -werethen divided by the number of tubes and the corre-
sponding values of the flow in gaIlons per tube found.

The Chezy formula for .-ivaterflow was then assumed in the form given below (1)and the
effect on the value of AP of changing-core depths fognd for the ratea of flow indicated above
as fOllows:

V= Linear water velocity.
AP =Pressure necessary to maintain velocity V,

.,.

R= Hydraulic radius of water tube.
- &ea of watmtybe ._ . ...-...=..- ... .... ...- . . r-. . . . . . --

. -.....——

= perimeter of water tube. “-”

A =hea of water tube.
Q= Rate of water flow.
t= Water tube thickness.

.d= Wateitule depth.
n & c= constants:

Now Q-AV,

so that

Since t,= ~i we have

.... .. . . -= —.- -
(1)

. .. —
VU (7 (RAP#;--” “”=

A= td,
td . .....-. .— . ..- . . ....- .. . . .

and R=..m: -- -.- . ..

Substitution of these values in (1)gives,

AP ~ +.-

1Q=ct+(m
2p t+d L .

A~=~ ~ (ti).+i?

Al’ _ (t, +d,) (~) n+I _.—. —.
A~,–(t, +da)(@~*” ““

(2)

Equation (2) providea a means of evaluating AP for a core 3 inches, 3.6 inches, 4 inches
(etc.) deep when the value of AP for a core “d” inches deep “t” inches thick and the exponent
“n’) are known.

Wheh”the values of “AP’forvariouscore depths,are found in the rwnner indicatedabove

and are read directly from the curves plotted, the following assumptions have ,been tacitly
made:

(1) That the same quantity of water passes through each water tube in the core.
(2) That the pressure maintaining flow varies directly as the length of the water tube

parallel to the direction of water flow, and that the entrance and exit-losses are neglected.
(3) That the pr~sure necessq .to produce flow varies inversely as the hydraulic radius

and directly as the “ nth”. power of the linear water velocity. The values of ‘(n” being found
by experiment when the hydraulic radius remains con@ant.

(4) That the water tube thickness remains constant for any given core and has the value
given, when the depth of the core and, the length of, the water path change.

=



I’rQum 1.-AJRY AUIOand Amu Shccl Mi4.al(’o. @rcJI squaro IIIbm. (km?4 IDIJIIOSdwp.
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Fswrm 3.-The Wmrlson Ikbrdor Corporation, ~nch hw.agounl tubsu. Core 4 Inches deep.

FIGUKS.2.-O. &O. Manufacturing Co. Kinch rhombic tube% Core u Inchm hop.

FtGURE .l.-Th6 L[vlngglon Rmlialor & bkufwtti~

1

Co. i-brch squmc lube. Core 4 Jnchm dc.sp.



FIGURE 6.—The L5vlngwcur Radiator& MaIrufsclurlug Co. *iuch square tubes. COm4 tick deep.
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FIGUUEO.—The RomwTnrney Radiator Co. Huch square tuk. (Me 3~ Inchw deep.
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FK+URZS.-The McCord ?IMU-W ~. *inch cUiPtical tubes. cow M inch- d~p.
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Fmurm 9.-The Motllnr Mtmwwturing Co, ~-Jnch square tube wit h spmds. (.!oro9* tnclma drop.

FIQVEE il.—The Heomm S81cs Cooperation, g-inch elllpt.kal tuk Coro 2Binches deep.

lrmmtu 10.—Th~Sparks-Within@m Cm. g-lnoh olltplical I ube. Core 3! inohm dcap,

FIGURE 12.-Tho Wcs[ern Mcchunhml Works. ,~-hrch staggere(l flquaro tube. Core 4 tnchfn dwp.

I



FIGURE 13.—Appamtus need to memxe preseure naccssary to produce woter flow lhrOUghradiator cores.
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@k of Flowingo//onsper minufe@er wotertube
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